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The removal of previously stored rival sperm and increased ejaculate expenditure are effective male sperm competition tactics to ensure paternity. We examined both behaviours and their interaction for male cuttlefish, Sepia lycidas, as a strategic investment. Males increased the duration of sperm removal and the number of ejaculations per mating when they were not the last male who had mated with the current partner. These responses would decrease the number of rival sperm and increase the male's own sperm in the fertilization area. Recognition of the female's mating history appeared to result from close mate guarding during successive matings. Moreover, when the last mate of the current partner was different from the current mate, there was a significant negative relationship between sperm removal duration and the number of subsequent ejaculations. This interaction suggests both strategic investment allocation and constraints on each mating investment as possible results of mating interruption by other males and spermatophore depletion, respectively. In addition, larger males with high competitive ability prolonged sperm removal when the last mate of the current partner was different from the current mate, whereas smaller males with relatively larger testes ejaculated more times during a mating. Male S. lycidas might adjust the duration of sperm removal at the risk of failing to achieve ejaculation and allocate their finite ejaculate expenditures based on the results (i.e. the increasing proportion of their own sperm). Ó 2009 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Sperm competition occurs when the sperm from more than one male compete for fertilization of a female's eggs. This process is widely recognized as a major selective force in the evolution of mating systems and strategies (Parker 1970 (Parker , 1998 . The outcome of sperm competition is mediated largely by the relative numbers of sperm from competing males (Birkhead & Møller 1998; but see Snook 2005) . Two principal methods for increasing the relative number of a male's sperm are (1) an increase in ejaculate volume and (2) the removal of rival sperm. Recent studies have demonstrated that both strategic ejaculation and sperm removal are adaptive responses to enhance a male's fertilization success (e.g. Sperm are smaller and cheaper to produce than eggs, but are not a limitless resource (Dewsbury 1982; Nakatsuru & Kramer 1982) . Many recent studies have shown that optimal allocation tactics for the limited number of available sperm have evolved to maximize male reproductive success (Pilastro et al. 2002; Wedell et al. 2002; Evans et al. 2003; Thomas & Simmons 2007) . In some insects, males can perceive female mating status (i.e. virgin or mated female) by detecting the presence of sperm in the female sperm storage organ and can avoid mating with previously mated females to avoid a high level of sperm competition (Wedell & Cook 1999; Schaus & Sakaluk 2001) . The benefit to males from mating with previously mated females depends on the patterns of female sperm utilization, and particularly on the relationship between mating order and sperm precedence (Parker et al. 1997; Simmons 2001) . In polyandrous (promiscuous) species with high female remating rates, first-male precedence will favour an increased investment in ejaculate during matings with virgin females, whereas such an increase is not necessarily predicted under last-male precedence (Parker et al. 1997 : Engqvist & Reinhold 2006 . If the degree of lastmale sperm precedence is sufficiently high, males mating with already mated females will have high fertilization success for a small ejaculate investment. However, if there is no sperm 
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